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(54) ELECTRON BEAM APPARATUS AND METHOD FOR CURING RESIN 

(57)Abstract: 

PROBLEM TO BE SOLVED: To cure a radiation curable 
resin by flat electron beam of stable and controllable 
beam current 

SOLUTION: At least one net electrode 3 which 
generates an electric field is placed between one 
electron gun, which irradiates through a slit of metal v 
shield box 1 a flat beam of electron radiated from the 
surface of a plane cathode 4, and one irradiation plate 7 
on which radiation curable resin is fixed and cured. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
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LThis document has been translated by computer. So the translation may not reflect the original 
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2.**** shows the word which can not be translated. 
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CLAIMS 



[Claim(s)] 
[Claim 1] 

An electron beam device characterized by what at least one equipped for an electron gun which 
generates an electron emitted from the surface of plane cathode as an electron beam more 
planate than a metal shield box with a slit with a net electrode which generates an electric field 



between this plane cathode and an irradiation surface of an electron beam. 
[Claim 2] 

The electron beam device according to claim 1 fixing to this irradiation surface and stiffening 
radiation-curing type resin. 
[Claim 3] 

The electron beam device according to claim 2, wherein said radiation-curing type resin is a 
monomer or oligomer. 
[Claim 4] 

To an electron gun by which it is generated as an electron beam more planate than a metal 
shield box with a slit, an electron emitted from the surface of plane cathode. A curing method of 
resin providing at least one net electrode which generates an electric field between this plane 
cathode and an irradiation surface of an electron beam, fixing to this irradiation surface and 
stiffening radiation-curing type resin. 
[Claim 5] 

A curing method of the resin according to claim 4, wherein said radiation-curing type resin is a 
monomer or oligomer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

this invention relates to an electron beam device — especially — flat-surface beam shape 
stability and control — it is suitably [ to acquire an easy electron beam current value ] available. 

[0002] 

[Description of the Prior Art] 

The process which exploited electron energy easily can be performed by making an electron 
bunch and generally, forming an electron beam. A typical electron beam bunches the electron 
emitted as a thermal electron in a deviation magnetic field or a convergence magnetic field, and 
forms the electron beam. A thermal electron can be emitted to a filament only by sending 
current. Since the electronic source of release is local in order that this method may use the 
electron from a filament, the electron beam itself is a small area. In addition, although there is 
also a method which heats a metal surface and to which a thermal electron is made to emit, the 
electron beam of any method is a small area in many cases. 
[0003] 

An electron beam generator is roughly divided into an electron generation part and a beam 
forming part by two. Since electrons are constituent particles of all the elements, all elements 
may be able to be used as a supply source which generates an electron. Since generating of an 
electron is mainly from a surface of metal in many cases, it becomes generating of the charged 



particle from a fixing face, acid there is no change in the starting point of an electron orbit. 
Considering the atom in the free space in a vacuum, it can be said that the electron of the 
outermost shell of the atom which exists independently is in the energy in the state where only 
ionization potential was restricted. Since it is influenced by the potential energy of the atom in 
which many electrons in metal exist in the neighborhood to it, it is in a state low by the potential 
energy called a work function. This work function is a value lower than ionization potential. 
[0004] 

There are a method of separating an electron from the atom which exists independently as an 
electronic evolution method, making plasma, and performing electron emission from there, and an 
evolution method of the electron from a solid surface like metal. Since the former method has an 
advantage which can form a beam in the range which the space pulls out in order to pull out an 
electron from plasma space, it is a useful method when using the electron beam comparatively 
turned to a large area. The latter mainly serves as developmental mechanics of the electron from 
a surface of metal, and the evolution methods differ by by what kind of method the energy more 
than a metaled work function is given. A typical example has thermoelectronic emission, 
secondary electron emission, photoelectric emission, field emission, and an ion bombardment. 
[0005] 

The density of plasma of a positive ion and an electron is equal, and it is in the state stable in 
potential where the positive and negative amount of space charge balanced. If there is an 
electrode which has positive voltage to the voltage of plasma, this balance will collapse, the ion 
can do the sheath in which it is opposed and only an electron exists, and an electron is 
accelerated toward an electrode. Although the electron current of which can be taken out from 
plasma changes by the conditions of plasma at this time, this current amount is called electronic 
saturation current. It is theoretically impossible to generate an electron beam with the current 
value beyond this electronic saturation current by a plasma process. A comparatively broad 
electron beam will be easily acquired, if the electronic generating side spreads out spatially. The 
typical thing has realized the broad electron beam by pulling out the electron from the plasma 
made to discharge in a metal box by a slit. However, since plasma is not stabilized depending on 
a discharging condition, there is a fault where an electron beam is not stabilized. 
[0006] 

Organic resin can be hardened using such an electron beam generator. Radiation curing which 
excelled [ cure rate ] in productivity quickly as a curing method of organic resin is often used. 
The monomer and oligomer of the acrylate of a radiation-curing type [ resin / which is used ] or 
methacrylate are used. Such a monomer and oligomer are stiffened by irradiating with an 
electron beam, and it is used in various industrial fields. 
[0007] 

[Problem(s) to be Solved by the Invention] 

Although this electron beam is an electron from plasma, an electron beam will also become 
unstable if plasma is unstable, since what accelerated that electron with accelerating voltage and 
was emitted from the slit is used. The controllable good electron beam is made profitably like, 
without being influenced by the stability of plasma. 
[0008] 

If it emits and spreads even if it generates an electron beam with many electron amounts, 
electron energy cannot be exploited effectively. In order that many parameters, such as voltage, 
current, etc. of the power supply supplied to the pressure and electrode of a plasma atmosphere 
in order to have to change the energy inside plasma also into the current value of an electron 
beam being controlled, might act mutually, there was a field difficult for beam-current-values 
control until now. In particular, in a portion with a low current value of an electron beam, since 
plasma maintenance current tended to be insufficient, it was easy to be influenced by plasma 
stability, and there was a problem that an as desired current value was not acquired. 
[0009] 

As a result, when it irradiated with an electron beam and radiation-curing type resin was 
hardened, a process not only becomes unstable, but unnecessary excess electrons increased in 
number and there was a problem that electrification to the organic layer and substrate which are 



obtained by hardening took place. 
[0010] 

this invention is what was made in view of the fault of the starting conventional technology — 
flat-surface beam shape — stability and control — it is an easy electron beam current value, 
and let it be SUBJECT to enable it to harden radiation-curing type resin. 
[0011] 

[Means for Solving the Problem] 

In order to attain above-mentioned SUBJECT in this invention, first in an invention of claim 1. It 
is considered as an electron beam device characterized by what at least one was provided with a 
net electrode which generates an electric field between this plane cathode and an irradiation 
surface of an electron beam in an electron gun which generates an electron emitted from the 
surface of plane cathode as an electron beam more planate than a metal shield box with a slit 
for. 
[0012] 

In an invention of claim 2, it is considered as the electron beam device according to claim 1 

fixing to this irradiation surface and stiffening radiation-curing type resin. 

[0013] 

In an invention of claim 3, it is considered as the electron beam device according to claim 2, 

wherein said radiation-curing type resin is a monomer or oligomer. 

[0014] 

To an electron gun which generates an electron emitted from the surface of plane cathode as an 
electron beam more planate than a metal shield box with a slit in an invention of claim 4. At least 
one net electrode which generates an electric field is provided between this plane cathode and 
an irradiation surface of an electron beam, and it is considered as a curing method of resin fixing 
to this irradiation surface and stiffening radiation-curing type resin. 
[0015] 

In an invention of claim 5, it is considered as a curing method of the resin according to claim 4, 

wherein said radiation-curing type resin is a monomer or oligomer. 

[0016] 

[Embodiment of the Invention] 

Below, an embodiment of the invention is described. 

[0017] 

In the electron beam device of this invention, a net electrode is inserted between [ from the 
plasma source which generates an electron ] irradiation surfaces, and the same polar voltage as 
the negative pole was applied to the net electrode. It devised so that the electron beam current 
value which was easy to control and where they was stabilized by changing into the state of 
ruling over at space charge limitation by doing so between the negative pole and the net 
electrode which are plasma sources could be taken out. That is, since negative voltage is 
impressed, the electron from the negative pole becomes difficult to flow, and a control grid 
considers a net electrode to be a control grid, and makes a space-charge-limitation state 
between negative pole-control grids. 
[0018] 

An electron beam serves as a high-speed electron, and is made to emit with the high tension 
concerning the negative pole side from the plasma state in which the electron and ion ionized 
from the neutral particle exist. Although most current values are decided by ambient pressure 
power of the gas used as the voltage, current, and plasma concerning the negative pole, the 
electron beam, A net electrode is arranged on the orbit of an electron beam, the electron 
emitted from the negative pole by applying there the same negative voltage as an electron will be 
in a space-charge-limitation state, and it will become a current value proportional to the 3- 
/square of inter-electrode voltage. This space-charge-limitation state is a phenomenon which . 
happens when the charged particle of like-pole nature makes a group. 
[0019] 

stable by adjusting the voltage which takes out space charge limited current by using a net 
electrode, and is applied to a net electrode — control — it became possible to obtain easy beam 



current values. 
[0020] 

Although the electron beam device of this invention is broadly applicable to the device which 
generates an electron beam, it is an electron beam device used especially in a vacuum, and the 
case where it is put under the decompression which is easy to generate plasma is useful. 
[0021] 

Plasma is generated between the negative pole and the anode. The negative pole requires 
negative voltage. Negative voltage says here that it is minus to earth potentials. Since the anode 
is made into earth potentials in many cases, if it is a metal device, a metal outer wall will serve 
as the anode. Since it is easy to make it emit from a slit in order to make an electron beam, the 
negative pole is made to build in the metal boxes to which the slit was attached, and plasma is 
generated. If the high tension beyond 1000V is added to the negative pole, electrons with the 
energy will be emitted from a slit. Although the electron which came out of the slit requires 
repulsive force in its Coulomb force and has breadth, it can acquire an electron beam on a flat 
surface. 
[0022] 

The arbitrary voltage of the negative potential of a direct current is applied to a net electrode. 
Although the beam current values decided by space charge limited current by adjusting this 
voltage are changed free, bigger beam current values than the discharge current of theory top 
plasma cannot be obtained. A controllable good beam can be obtained with this net electrode, 
and stability can also be raised further. The net electrode can also bear a stainless steel wire at 
use, if beam current values are several milliamperes - tens of mA order. Although not limited, 
since the effect of an electric field shows up greatly, especially the stitch size of a net electrode 
has a thing of 1 50-300 meshes preferred at 0.050 mm - 0.030 mm of wire sizes. The stainless 
steel wire uses what is specified to JIS G 4309. 
[0023] 

Since ah electron is pulled out from plasma, space serves as an electron source. Therefore, 
since the volume of plasma will also spread if the electrode and metal box for plasma generations 
are enlarged, it can realize easily to make an electron beam large to the cross direction of a slit 
profitably like. Also at this time, since area of a net electrode can be enlarged easily, even when 
using the electron beam of a broad form, current control can be performed easily. 
[0024] 

For the example of the acrylate monomer which can be hardened as radiation-curing type resin, 
and oligomer, using such an electron beam generator. Diethylene glycol diacrylate, triethylene 
glycol diacrylate, Tripropylene glycol diacrylate, 1-6-hexadiol diacrylate, 1-9-nonanediol 
diacrylate, dimethylol- tricyclodecane diacrylate, Although EO (ethyleneoxide) denaturation 
trimethylolpropane triacrylate, PO (propylene oxide) denaturation trimethylolpropane triacrylate, 
etc. are mentioned, if it is the monomer and oligomer containing an acrylic group, it will not 
restrict to these. 
[0025] 
[Example] 

Below, the example of this invention is described concretely. 
[0026] 

<Example 1> 

The electron beam device of Example 1 of this invention is shown in drawing 1 . This device was 

put into vacuum devices and it decompressed to 1.0x10~ 1 Pa. The case 1 (75 mm long.) made 
from SUS (Steel Use Stainless) of the rectangle which introduced the Ar gas for generating 
plasma and rationalized internal pressure 200 mm wide, the depth of 450 mm, and the thickness 
of 1 5 mm were provided, and the slit 2 (space width of 1 .5 mm, depth of 400 mm) was attached. 
The source 6 of direct-current good transformation's connected to the net electrode 3 so that 
negative voltage may be added, DC power supply 5 are connected to the discharge electrode 4 
( 60 mm, the side of 400 mm, and 36 mm in thickness), and plasma is generated. [ made from 
SUS ] [ long ] As 10 kV, discharge electrode voltage generated plasma by 80 mA of discharge 
current, and generated the electron beam. It enabled it to apply the voltage of -200 - -500V to 



the net electrode 3, and the current density which arrives at the electron beam irradiation 

surface 7 was measured. 

[0027] 

Comparative example 1> 

The net electrode 3 was removed with the electron beam device of Example 1, as 10 kV, 
discharge electrode voltage generated discharge current with the composition which does not 
have anything between the slit 2 and the electron beam irradiation surface 7, and generated 
plasma at 80 mA, and the electron beam was generated. The current density which arrives at the 
electron beam irradiation surface 7 was measured. 
[0028] 
[Table 1] 
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[0029] 

Although current density became low in Example 1 in this table 1, when the rate of current 
variation operated for 1 hour or more was seen, stability went up. The electron beam of low 
current could also be acquired by changing net electrode voltage, and electron beam current was 
able to be changed, without changing the pressure and discharge current of plasma. 
[0030] 

<Example 2> 

The PET (polyethylene terephthalate) film of 25-micrometer thickness was put in vacuum 
devices, and it fixed to the electron beam irradiation surface of the electron beam device of 
Example 1. The resin monomer of acrylate (3 EG-A by Kyoeisha chemicals incorporated 
company) was made to adhere, and it was made to irradiate with an electron beam on this film. It 
was made to harden by discharge voltage [ of 10 kV ], 80 mA of discharge current, and net 
electrode voltage-200V. The organic layer layer thickness obtained by hardening was set to 0.5 
micrometer, and was able to harden sufficient resin. 
[0031] 

[Effect of the Invention] 

The electron beam device of this invention can control easily the electron beam current value 
which changes by the pressure, and discharge voltage and current of plasma by inserting another 
electrode between plane cathode and the irradiation surface of an electron beam, and changing 
voltage. Since plasma can carry out voltage control of the low current electron beam which 
tends to become unstable, the electron beam device of this invention can improve stabilization 
of a process greatly. Furthermore, since the electron beam device of this invention can harden a 
monomer and oligomer with the low current electron beam by which voltage control was carried 
out, it can also be charged few to an organic layer or a substrate by lessening an excess 
electron unnecessary to hardening. 
[Brief Description of the Drawings] 

[Drawing 1] It is a sectional view showing the example of composition of the electron beam 
device of this invention. 
[Description of Notations] 

1 — Case made from SUS 

2 — Slit 

3 — Net electrode 

4 — Discharge electrode 

5 — DC power supply 

6 — Source of direct-current good transformation 

7 — Electron beam irradiation surface 
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[Brief Description of the Drawings] 

[Drawing 1] It is a sectional view showing the example of composition of the electron beam 
device of this invention. 
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5 — DC power supply 

6 — Source of direct-current good transformation 
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[Drawing 1] 
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